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SUMMARY 


A strain of bovine coronavirus (F15) was studied by electron microscopy using a 
freeze-drying technique. Purified coronavirus preparations show three different cate- 
gories of image: (i) ‘blackberry-like’ virions, (ii) virions with a smooth depression at 
their surface, and (iii) apparently broken particles showing very clearly the areas of 
spike insertion in the virus membrane. Virus projections resemble ‘mushrooms’ with 
the ‘stalk’ inserted at the virus membrane. A model of the virion structure is proposed. 


Coronaviruses are a group of enveloped RNA-containing viruses that have a unique, typical 
morphology. They cause a variety of diseases in animals, including avian infectious bronchitis, 
feline infectious peritonitis, mouse hepatitis, transmissible gastroenteritis in pigs, and diarrhoea 
in young calves. In humans, they are responsible for some respiratory diseases and acute 
enterocolitis (for review, see Tyrrell et al., 1975). 

Coronavirus virions have usually been described, after negative staining, as large pleomor- 
phic particles showing characteristic bulbous projections which form a corona around the virus 
core (Robb & Bond, 1979). Several measurements have revealed a range in total diameter of the 
virions from 70 nm to 200 nm. The surface projections have been observed to vary in shape and 
size, although the length is normally between 12 nm and 25 nm, and usually form a single fringe 
radiating from the virus core in all coronaviruses with the exception of bovine enteric corona- 
virus (BECV) and diarrhoea virus of infant mice (Sugiyana & Amano, 1981), where two layers of 
projections have been described (Caul & Egglestone, 1977; Robb & Bond, 1979). The distal ends 
of the spikes are clearly visible on the micrographs but the tails are only occasionally seen. 

Although negative staining has permitted some critical analysis of these viruses, uncertainty 
remains with respect to some details of their ultrastructure, especially regarding the real mor- 
phology of the projections and the relationship between the projections and the virus surface. 
Nermut & Franck (1971) have proved that with the freeze-drying method the size and architec- 
ture of enveloped viruses can be established with precision. In the present study we used this 
technique to define some of the uncertain morphological aspects of BECV virions, and on the 
basis of a more accurate and reproducible image of the virus particles, we propose a model based 
on our observations. 

BECYV, strain F15, was grown in HRT 18 cells as previously described (Laporte et al., 1980; 
Laporte & Bobulesco, 1981). Virus was purified on a 20 to 45% (w/w) sucrose gradient (Beckman 
S$W27 rotor for 90 min at 45000 rev/min, 4 °C). The virus band was collected and pelleted after 
dilution in water (Beckman SW25 rotor for 90 min at 45000 rev/min, 4 °C). The pellet was 
resuspended in distilled water and layered on to a 20 to 60% (w/w) sucrose gradient (Beckman 
SW27 rotor for 17 h at 25000 rev/min). Gradient fractions were collected and absorbance at 254 
nm measured (ISCO U.A.5 density gradient fractionator). The refractive index of the fractions 
was read with a Zeiss refractometer. Rotavirus particles, used in some experiments as controls, 
were obtained and purified as previously described (Roseto et al., 1979). 

Purified virus particles were placed on to collodion-coated grids for a few minutes and then 
washed in 0-1 M-ammonium acetate buffer pH 6-2, excess buffer was blotted and the grids were 
immediately dipped in nitrogen slush (— 210 °C). They were then clamped in a copper specimen 
holder immersed in liquid nitrogen and transferred to the vacuum chamber of a Reichert 
cryofract apparatus (Escaig & Nicolas, 1976). Ice sublimation was performed at — 80°C at a 
pressure of about 5 x 10-® Torr. Virus particles were shadowed with platinum at a single angle 
(45°) for about 15s, coated with a carbon film, and warmed to room temperature with dry 
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Particle size (nm) 
Fig. 1. The size of coronavirus particles as determined by (a) negative staining (the mean particle diam. 
of virions is 120-43 + 15-45 nm, N = 240) and (5) freeze-drying (the mean particle diam. of virions is 
130 + 10-3 nm, N = 130). 


Fig. 2. (a, b) Coronavirus particles treated by freeze-drying showing the ‘blackberry-like’ morphology. 
(c) Enlargement of part of (a) clearly showing the characteristic projections of coronavirus, the uneven 
surface probably formed by the highly packed projecting heads (left arrow), and also showing the 
smooth central depression (right arrow). (d) Typical particle showing the smooth depression (arrow). (e) 
Coronavirus particles showing typical pleomorphy after negative staining. Bar markers in (a, 5) and (d, 
e) represent 100 nm; bar marker in (c) represents 50 nm. 


Short communications 243 


Fig. 3. (a to d) Partly broken coronavirus particles, showing the insertion of undamaged projections 
into the virus membrane (size, 27 nm in length). (e, f) Comparison of coronavirus and rotavirus 
structure prepared by the freeze-drying technique. (g) Speculative model of coronavirus particle show- 
ing projections inserted in the virus membrane. The central depression is considered to be a smooth 
zone. In the model, the arrangement of the projections is not symmetrical. All bar markers represent 120 
nm. 


nitrogen. The different thicknesses of platinum and carbon deposits were estimated to be 1-5 
and 2 nm respectively, using a ‘Kronos’ quartz film thickness monitor. 

Examination of purified BECV preparations after negative staining showed typical pleomor- 
phic particles, with diameters ranging from 65 nm to 210 nm (Fig. 1 a), and with a mean value of 
120-43 + 15-45 nm. Using the freeze-drying technique the virion population was less pleomor- 
phic and more homogeneous. Particles were, in general, spherical with an average diameter of 
130 + 10-3 nm (Fig. 15). Three different categories of image were observed. (i) Virions which 
exhibited a complete corona of spikes and an uneven surface probably formed by the highly 
packed heads of these projections (Fig. 2a to c); these ‘blackberry-like’ virions constituted the 
majority of particles. (ii) Virions with a characteristic smooth depression with a mean diameter 
of 44 nm and representing nearly 25% of the virion surface (Fig. 2c, d); these virions constituted 
about 30% of the particles. (iii) Apparently broken particles clearly showing undamaged projec- 
tions and the area of spike insertion at the virus membrane (Fig. 3a to c); the projections are 
well-defined and look like ‘mushrooms’ with a ‘cap’ (13 nm in diam.) and a ‘stalk’ (approx. 14nm 
long), and do not form a double fringe as is sometimes observed in negative-stained virions. 
These are the least common particles. 
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The freeze-drying technique we employed to examine BECV offers some advantages over 
negative staining, especially as particles seem to be better preserved with regard to shape and 
size, and since single-sided images can be obtained instead of superimposed ones (Roseto et al., 
1979). In this context, the most interesting observations made in this study are related to the 
shape and size of the virus particles themselves, and to the structure of the bulbous projections. 

From our observations BECV particles are less pleomorphic than it has been previously 
assumed. In fact, in our preparations the particles show a rather homogeneous morphology with 
an approximately spherical shape and an average diameter of 130 nm. The ‘blackberry-like’ 
appearance of the virions is mainly suggested by the corona of spikes visible at the periphery of 
the particles. For the rest of the virion surface, and with the coating angle used in our experi- 
ments, the thickness of the metal layer precludes a good definition of the knobs. However, it 
seems reasonable to assume that the highly packed heads of the projections which arise from the 
smooth internal membrane, would form the uneven surface visible in the pictures beyond the 
corona of spikes. 

One interesting observation we have made in this study was of the presence of a central 
depression at the surface of about 30% of the particles. This depression could be an artefact but 
it may correspond to the tongue- or flask-shaped structure described by Bingham & Almeida 
(1977) after negative staining. As no such type of depression was seen in the rotavirus particles 
added as a control to the BECV particles, we conclude that our observation was not due to an 
artefact of preparation. 

The freeze-drying technique has enabled us to determine the morphology of the surface 
projections of coronaviruses, which is different to their appearance after negative staining. At 
least four different types of surface projection have been described previously in the literature. 
One type has projections with a petal-shaped appearance (Caul & Egglestone, 1977), a second 
type of projection resembles a teardrop-like knob attached to the particle by a thin stalk 
(Sugiyana & Amano, 1981), and a third type, in which the projections appear to be fairly large 
spherical knobs, has been reported for a coronavirus-like agent associated with seabirds (Traa- 
vik et al., 1977). Finally, filiform projections without well-defined extremities have been report- 
ed for transmissible gastroenteritis virus (Underdahl et al., 1974). Our results with BECV using 
the freeze-drying technique show very clearly a single form of projection which looks like a 
mushroom and has an average length of about 25 nm. 

These observations and our theoretical calculations allow us to propose the model for BECV 
depicted in Fig. 3(g). This is a model of a spherical particle covered with highly packed surface 
projections inserted at the virus membrane. The projections are assumed to attain a maximum 
number of 110 per particle and the heads to be in close contact with each other. The validity of 
this model should be verified by extending the application of the freeze-drying technique to 
other coronaviruses from different species. 


We acknowledge Mr H. L. Batmale for his contribution to the design of the model, and Mrs M. C. Poeuf and M. 
Pasquet for typing the manuscript. 


1 Département d’Oncologie Expérimentale, Unité 107, INSERM A. Roseto! 
LOI CNRS 101, Institut de Recherches sur les maladies du Sang P. BOBULESCO? 
Hopital Saint Louis, 2, Place du Docteur Fournier, J. LAPORTE? 
75010 Paris, France J. Escaic? 
2 Station de Recherches de Virologie et d’Immunologie INRA D. GACHEs? 
Route de Thiverval, 78.850 Thiverval-Grignon, France J. PERiEs!* 


3 Laboratoire de Technologie Appliquée a la Microscopie Electronique 
CNRS, 105, Boulevard Raspail, 75006 Paris, France 


REFERENCES 


BINGHAM, R. W. & ALMEIDA, J. D. (1977). Studies on the structure of a coronavirus: avian infectious bronchitis virus. 
Journal of General Virology 3%, 495-502. 

CAUL, E. 0. & EGGLESTONE, S. L. (1977). Further studies on human enteric coronaviruses. Archives of Virology SA, 
107-119. 


Short communications 245 


ESCAIG, J. & NICOLAS, G. (1976). Cryo-fractures de matériel biologique réalisées a trés basses temperatures en ultra- 
vide. Compte rendu hebdomadaire des séances de l’ Académie des sciences série D 283, 1245-1248. 

LAPORTE, J. & BOBULESCO, P. (1981). Growth of human and canine enteritic coronaviruses in a highly susceptible 
cell line HRT 18. Perspectives in Virology 11, 189-193. 

LAPORTE, J., BOBULESCO, P. & ROSSI, F. (1980). Une lignée cellulaire particuliérement sensible a la réplication du 
coronavirus entérique bovin : les cellules TE. Compte rendu hebdomadaire des séances de I' Académie des sciences 
série D 290, 623-626. 

NERMUT, M. V. & FRANCK, H. (1971). Fine structure of influenza A, (Singapore), as revealed by negative staining, 
freeze-drying and freeze-etching. Journal of General Virology 10, 37-51. 

ROBB, J. A. & BOND, C. W. (1979). Coronaviridae. In Comprehensive Virology, vol. 14, pp. 193-247. Edited by H. 
Fraenkel-Conrat & R. R. Wagner. New York: Plenum Press. ; 
ROSETO, A., ESCAIG, J., DELAIN, E., COHEN, J. & SCHERRER, R. (1979). Structure of rotaviruses as studied by the freeze- 

drying technique. Virology 98, 471-475. 

SUGIYANA, K. & AMANO, Y. (1981). Morphological and biological properties of a coronavirus associated with 
diarrhea in infant mice. Archives of Virology 67, 241-251. 

TRAAVIK, Y., MEHL, R. & KJELDSBERG, E. (1977). ‘Runde virus’, a coronavirus-like agent associated with seabirds 
and ticks. Archives of Virology 55, 25-38. 

TYRRELL, D. A. J., ALMEIDA, J. D., CUNNINGHAM, C. H., DOWDLE, W. R., HOFSTAD, M. S., McINTOSH, K., TAJIMA, M., 
ZAKSTELSKAYA, L. Y., ESTERDAY, B. C., KAPIKIAN, A. & BINGHAM, R. W. (1975). Coronaviridae. Intervirology 5, 
76-82. 

UNDERDAHL, N. R., MEBUS, C. A., STAIR, E. L., RHODES, M. B., MCGILL, L. D. & TWIEHAUS, M. J. (1974). American Journal 
of Veterinary Research 35, 1209-1216. 


(Received 9 November 1981) 


